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(S) Production of concentrated alcohol and distillery slop. 

Concentrated alcohol and distillery slop are produced 
from fermented beer with a reduced amount of energy by 
employing a vapor recompression distillery slop evaporator 
in which evaporator vapors are used to strip alcohol from the 
fermented liquor before they are returned as the heat source 
for evaporation. Vents (1 1} in the evaporator permit passage 
of uncondensed vapors used to drive the evaporator (7) to a 
rectifier 02^ in which they constitute the principal heat and 
alcohol source. Condensed vapors from the evaporator and 
the bottom stream from the rectifier are stripped of their 
remaining alcohol content in a condensate stripper <13K 
which is also driven by the recompressed vapors from the 
evaporator. This prevents dilution of the slops and the ' 
additional energy cost that would be necessary if the water 
content of these streams had to be removed in the slop 
evaporator. 
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. Production of Concentra-bed Alcohol and Dis1;illery Slo-p 

Background of ttie Inven-fcion 

20 . 

The present invention relates to an improved process and 

system for producing alcohol by fermentation* 

In a conventional plant for the production of alcohol by 

_ f eriaentation, the Vbeer" from the ferment ers is sent first 
25 

to a. distillation column or columna* . Bere the alcohol is 
stripped from the beer and is concentrated to remove most 
of the water* 

The energy for stripping and concentrating the alcohol 
comes from steam injected at the bottom of the column -or 
columns* The spent beer from the distillation system is 
called "distillery slop" and has value as an animal, feed 
if much of its water content is removed • Otherwise, its 
2^ disposal could be a serious problem. Concentrating this 
slop to produce animal feed consequently has long been 
an industry practice, usually by use of multiple-ef f ect 
evaporators . 
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1 The energy requirement for producing alcohol with the con- 
ventional process and system has been so high that the 
cost of producing the alcohol has heen about the same , as 
its fuel value. 

5 

More specifically, the distillation column in the conven- 
tional plant has two basic sections, the beer still and 
the rectifier. The beer still is located below the point 
of beer addition, and steam is admitted at the bottom to 

10 strip out the alcohol. Alcohol losses with the slop can 
be minimized by increasing steam input or providing more 
plates or trays in the beer still, but these expedients 
increase either capital expenditures or operating costs 
and therefore must be balanced against the increased 

15 recovery of alcohol. 

Above the beer still is the rectifier section, which. serves 
to separate alcohol from water, with the alcohol leaving 
at the top and the water, from both the beer and the added 

20 steam, leaving as a diluent of the slops at the bottom. 
The total distillation section may have on the order of 50 
plates and use on the order of 20 pounds of steam per 
gallon of 190 proof alcohol produced. The large number of 
plates requires such a tall vessel height that the column 

25 is frequently split into two sections, one section being 
the beer still with about 20 plates and the other the 
rectifier with about 50 plates. 

The slop withdrawn from the bottom of the beer still is 
30 then concentrated, usually by use of multiple effect 
evaporators, v;hich requires still more energy. As ind- 
icated above, the amount of energy necessary for concen- 
trating the alcohol and distillery slop presently has 
about the same value as the alcohol that is produced. 
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1 Summary of the Invention 

The present invention overcomes the problems and disadvan- 
tages of the prior art by producing concentrated alcohol 
5 and distillery slop from fermented beer with substantially 
less energy* This is accomplished by intergrating the 
alcohol distillation and slop concentration in a highly 
efficient process and system employing a vapor recomp- 
ression evaporator for slop concentration, by employing 

10 evaporator vapors as the stripping steam for removing 
alcohol from the beer, by using the condensing side of 
the evaporator heating surfaces as a means of enriching 
the alcohol, and by using the evaporator vents as the 
source of alcohol and of heat for bringing the alcohol up 

15 to desired concentration. 

Additional objects and advantages of the invention will be 
set forth in part in the description which follows, and in 
part V7ill be obvious from the description or may be learned 
20^7 practice of the invention. The objects and advantages 
of the invention may be realized and attained by means of 
the instrumentalities and combinations particularly pointed 
out in the appended claims. 

25 To achieve the foregoing objects and in accordance with the 
purpose of the invention as embodied and. broadly des- 

. cribed herein, the process for producing concentrated 
alcohol and distillery slop from -fermented beer with a 
reduced amount of energy according to the present invention 

30 comprises: 

a. feeding the beer to a beer still; 

b. feeding a portion of a water vai>or, derived from 
step (e) hereinbelow, to the still; 

35 c. withdrawing an alcohol-rich vapor as the overhead from 
the still; 

d. withdrawing an alcohol-poor distillery slop as the 
bottom stream from the still; 
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4 * 
1 e. passing "blie slop from the still to an evaporator to 

concentrate tlie slop by evaporating water vapor therefrom; 

f • passing the vapor from the overhead of the istill to 

the evaporator into indirect heat exchange contact with 
g the slop to condense a portion of the vapor and form a 

condensate; 

g. passing the condensate from the evaporator to a con- 
densate stripper and withdrav;ing an alcohol-rich stream 
as the overhead from the stripper and an alcohol-poor 

10 stream as the bottom stream from the stripper; 

h. feeding a portion of the v;ater vapor derived from 
step (e) hereinabove to the stripper; 

i. passing the uncondensed vapor from the evaporator to 
a rectifier and withdrawing concentrated alcohol as the 

15 overhead from the rectifier and an alcohol-containing 
mixture as the bottom stream from the rectifier; 
3 . passing the alcohol-containing mixture from the 
rectifier to the stripper for admixture with the conden- 
sate from the evaporator; 

20 is:, passing at least a portion of at least one of the 
water vapor from the evaporator and the vapor from the 
still to a compressor to form a compressed vapor^ the 
energy supplied to the compressor constituting a primary 
source of energy to the process; and 

25 1* withdrawing the concentrated slop from the evaporator. 

Preferably, the water vapor from the evaporator is passed 
to the compressor to form the compressed vapor, which is 
then used as the source of heat for the beer still and 

30 the condensate stripper ^ It is also preferred to pass 

the alcohol— rich stream from the stripper to the evaporator 
for admixture with the vapor from the overhead of the still 
It is also preferred, in accordance with the invention, 
that the evaporator comprise a plurality of stages in which 

35 "tiie distillery slop is progressively concentrated • 
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1 Por-tber to achieve the foregoing objects and in accord- 
ance vith the purpose of the invention, as embodied and 
broadly described herein, the system for producing concen- 
trated alcohol and distillery slop from fermented beer 

g with a reduced amount of energy according to the invention 
comprises: 

a. a beer still; 

b. means for feeding the beer to the still; 

IqO. means for feeding a ix^rtion of the water vapor with- 
dra\'m from evaporator means (f) hereinbelow, to the still; 

d. means for withdrawing an alcohol-rich vapor as the 
overhead from the still; 

e. means for withdrawing an alcohol-poor distillery slop 
15 as the bottom stream from the still; 

f. evaporator means for concentrating the slop by evap- 
orating water vapor therefrom; 

g. means for passing the slop from the still to the evap- 
porator means; 

20^' means for passing the vai>or from the overhead of the 
still to the evaporator means into indirect heat exchange 
contact with the slop to condense a portion of the vapor 
and form a condensate; 

!• condensate stripper means for separating the conden- 
25 sate into an alcohol-rich overhead stream and an alcohol- 
poor bottom stream; 

3 . means for passing the condensate from the evaporator 
means to condensate stripper means ; 

k. means for feeding a portion of the water vapor with- 
30 drawn from the evaporator means to the stripper means; 

1. rectifier means for separating uncondensed vapor from 
the evaporator means into a concentrated alcohol overhead 
stream and an alcohol-containing mixture as a bottom 
stream; 

35 m* means for passing the xincondensed vapor from the evap- 
orator means to the rectifier means; 



0052352 



6 

in. means for passing the alcohol-containing mixture from 

the rectifier means to the stripper means for admixture 

with the condensate from the evaporator; 

6* compressor means for forming a compressed vapor; 
5 p. means for passing at least one of the water vapor from 

the evaporator means and the vapor from the still to the 

compressor means; 

and 

means for withdrawing the concentrated slop from the 
10 evaporator means. 

Preferably means (p) comprises means for passing the water 
vapor from the evaporator means to the compressor means 
upstream of the beer still. It is also preferred to in- 

15 elude means for passing the alcohol-rich stream from the 
condensate stripper means to the evaporator for admixture 
with the vapor from the overhead from the still. It is 
also preferred that the evaporator means comprise a plural- 
ity of stages including means for passing concentrated slop 

20 from the first stage to subsequent stages for further con- 
centration. 

The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate one 
25 embodiment of the invention and, together with the des- 
cription, serve to explain the principles of the invention. 

Brief Description of the Drawings 

30 Figs. lA and IB, taicen together, are a diagrammatic general 
arrangement and pi^ocess flow sheet of one embodiment in 
accordance with the present invention. 

Description of the Preferred Embodiment 

35 

Reference will now be made in detail to the presently pre- 
ferred embodiment of the invention, an example of which is 
illustrated in the accompanying drawings. 
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1 The preferred embodiment of the system for producing con- 
centrated alcohol and distillery slop from fermented beer 
with a reduced amount of energy according to the present 
invention is illustrated in the drawings* "Fermented 
5 beer", can include, for example, ethanol-water mixtures* 
Beer is fed to beer still 1 through line 2 to form an 
alcohol-rich vapor withdrawn as overhead stream 3 and an 
alcohol-poor distillery slop withdravm as bottom stream 4. 
The driving force for the sepaG[*ation in the beer still, as 
embodied herein, is compressed vapor supplied through line 
5 . In accordance with the in-cention, the compressor means 
for forming the compressed vapor is compressor 6, Alter- 
natively, the compressor means may be located in line 5 
downstream of beer still 1 instead of or in addition to 
15 the compressor means shown in the drawing. Furthermore, 
a plurality of compressors may be employed, as described 
below. 

In accordance with the invention, both the overhead and 
20 bottom streams from the beer still are passed to an 
evaporator means. As embodied herein, the evaporator 
means in accordance with the invention is falling film 
evaporator ?• Other types of evaporators, hov/ever, may 
be employed. The distillery slop from the bottom of the 
25 still is concentrated in the evaporator by withdrawing 
water vapor from the slop in the evaporator trhrougjx line 
8. The vapor from the overhead of the still is passed 
into indirect heat exchange contact with the slop in the 
evaporator through line 5 to condense a portion of the 
30 vapor and form a condensate while vaporizing the volatile 
constituents in- the slop. The slop is recirculated 
through the evaporator heating element by means of pump 9 
and line 10. 

35 In accordance vjith the invention, a portion of the vapor 
separated from the slop is passed through lines 8 and 5 
to the beer still to provide the heat for stripping the 
alcohol from the beer. The vapor is preferably first 
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^compressed in compressor 6. As is apparent from the des- 
cription above, the vapor from the top of the beer still, 
carrying with it the recovered alcohol, then serves as the 
heating medium for the slop evaporator. Since the heat 
gin this vapor is used, there is no penalty in having a much 
higher stripping steam flow through the beer still, in the 
form of compressed vapor, than can be justified in the con- 
ventional process. Consequently, the beer still may have 
far fewer plates than usual while recovering more alc.ohol 
^^from the beer and losing less alcohol in the slops. 

Moreover, as the alcohol-laden vapor condenses in the heat- 
ing element of the evai>orator, the water condenses prefer— 
entially^ leaving a vapor stream enriched in alcohol. a?his 
, c enriched stream is then vented through line 11 to the base 
of a rectifier means. As embodied herein, the rectifier 
means is rectifier 12. The heat from the uncondensed vapor 
entering the rectifier serves as the driving force for 
senaration of the alcohol in the vapor from the remaining 



20 



wa-cer. 



Water from the reflux in the rectifier plus the water con- . 
densed in the heating element of the evaporator contains 
appreciable amounts of alcohol. This alcohol is recovered 

25 and recycled, in accordance with the invention, by stripp- 
ing with vapor from the evaporator, in the same manner as 
in the beer still, by passage through condensate stripper 
means. As embodied herein, the condensate stripper means 
is condensate stripper 13, to which the water is passed 

30 through lines 14, 15, and 16, preferably by use of con- 
densate tank 17 and transfer pump 18. A portion of the 
vapor from the evaporator, preferably after passing through 
compressor 6, is passed to the stripper through line 19 to 
provide the heat for the stripper. In the condensate 

35 stripper also, alcohol losses are minimized because there 
is no economic penalty in using as much of the vapor from 
the evaporator as desired for stripping. The alcohol-rich 
stream vjithdrawn as the overhead from the stripper is passed 
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1 either directly to the rectifier, or preferably to the 
evaporator for admixture with the vapor from the overhead 
of the still and transfer of its heat to the slop. Pass- 
ing the overhead from the stripper to the evaporator is 

5 far more efficient. An advantage of operating according 
to either alternative as contrasted with the conventional 
process is that the "steam" used in the stripping and 
rectifying operation leaves as water from the bottom 
stream of the condensate stripper instead of appearing as 
10 a diluent of the slops, which would then have to be removed 
in the slop evaporator at additional ener^ cost. 

In another embodiment, the recifier and condensate stripper 
can constitute a single unit otherwise operating in ah 

15 identical maimer to the separate rectifier and stripper. 
Thus, the "withdrawal" of the bottom stream from the 
rectifier in this embodiment is internal at the Dunctioh 
between the rectifier and the stripper, and the passage 
of the condensate from the evaporator to the stripper 

20 would occur at the same junction, 

The overhead stream 20 from recifier 12, after reflux, 
alcohol of about 190 proof. In the preferred embodiment, 
the overhead vapor from the rectifier is further distilled 

25 to produce 199+ proof ethanol in an azeotropic dehydration 
system 21. A hydrocarbon solvent may be added to break 
the azeotrope of ethanol and water. This solvent is then 
recovered from the water along with remaining trace amounts 
of ethanol in a hydrocarbon stripper (not illustrated), 

30 which can- be a small distillation column. The energy re- 
quired to operate the dehydration column 22 can be supp- 
lied by condensing the overhead vapor from the rectifier 
column in the dehydration column bottoms reboiler 23. 
The reflux ratio in the rectifer column, can be chosen so 

35 that required heat can be supplied to the dehydration 

column. Vent steam from a slops concentrator evaporator, 
such as conveyed by line 24, can supply the additional 
energy required to operate the hydrocarbon stripper. 
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1 Trim makeup steam may be provided to offset part of the 
heat lost in providing reflux in the rectifier column. 
The primary source of energy to the system, however, is 
provided by compressor 6. The trim makeup steam is the 

5 functional equivalent of the steam added at the base of 
the beer still in the conventional process, but in the 
present invention is only about 25^ of the amount required 
in the conventional process. -The trim steam may be added 
at any convenient location, but is preferably added as 
10 described below. 

In accordance with the invention, the evaporator may con- 
stitute a single stage from which the concentrated slop 
is withdrawn as a product. Since highly efficient re- 
15 covery of alcohol- from the slops and the condensate 

usually requires considerably less stripping steam than 
the total amount of water that must be evaporated to con- 
centrate the slops, however, only a part of the slop con- 
centration duty need be integrated into the distillation 
20" cycle. It is therefore preferred that the evaporator 
comprise a plxorality of states, the concentrated slop 
withdrawn from the first stage being passed to subsequent 
stages for further concentration. Each stage may have its 
own compressor for recompressing the vapor from the 
.25 evaporator, or a single compressor may be employed as shown 
in the drawings. The vapcic may be recirculated directly to 
the evaporators or a part of the vapor , may go- -through the 
strippers and then be returned to all or any number of the 
evaporators . 

30 

As embodied herein, the stillage from the beer still, is 
fed to a filter or centrifuge (not illustrated) for sus- 
pended solids removal and then slightly concentrated in 
preconcentrator evaporator 7- The remainder of the slops 
35 concentration is completed to the finished density in two 
additional evaporator stages: a two-stage falling- film 
evaporator 25 and a final slops concentrator 26. Energy 
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1 to operate the two-stage evaporator is supplied by a 
portion of tlie compressed vapor or steam from tlie com- 
pressoi? 6. Plant steam, i.e. outside steam, is used to 
drive the final concentrator and is tlie preferred source 

5 of the trim steam. • This achieves tv/o benefits: (l) the 
plant steam provides a larger driving force (AT) to reduce 
heat transfer area requirements and (2) the steam conden- 
sate can be returned to boilers without contamination. 

10 Various other desirable features may be added to the system. 
For example, recovery heat exchangers between the beer 
still feed and either hot . condensate leaving the system or 
rectifier overhead vapors, or both, may be used to preheat 
the beer. As embodied herein, the bottom stream from the 

15 condensate stripper and the condensate from the second 
evaporator 25 are combined in return condensate tank 27, 
and passed by condensate pump 28 and line 29 to heat ex- 
changer 50. 

20 The present invention has achieved significant energy 
savings in the production of concentrated alcohol from 
fermented beer. The solution to this problem has eluded 
others in the industry, who have, suggested instead saving 
theeaergy used to dry the slop by merely attempting to 

25 dump the slop as it comes from the beer still. With the 
present invention, on the other hand, a dry slop is. ob- 
tained that is more convenient to handle and suffers less 
from disposal, storage, and transportation difficulties 
than slops produced by conventional processes. 



30 



It will be apparent to those skilled in the art that 
various modifications and variations. could be made in the 
process and system of the invention without departing from 
the scope or spipit of the invention. 



35 
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1 CLAIMS: 

!• A process for producing co2icen1;ra1;ed alcohol and dist- 
illery slop from fermented beer v/itli a reduced amount of 
5 energy comprising: 

a. feeding said beer to a beer still; 
b* feeding a portion of a water vapor derived from 
step (e) bereinbelow, to said still; 
10 c, withdrawii^ an alcobol-ricb vapor as the overhead from 
said still; 

d. withdrawing an alcohol-poor distillery slop as the 
bottom stream from ssdLd still; 

e. passing said slop from said still to an . evaporator to 
15 concentrate said slop by evaporating water vapor therefrom; 

f. passing said vapor from said overhead of -said still 

to said evaporator into indirect heat exchange contact with 
said slop to condense a portion of said vapor and form a 
condensate; 

g. passing said condensate from said -evaporator to a 
condensate stripper and withdrav;ing ah alcohol-rich stream 
as the overhead from, said stripper and an alcohol— poor 
stream as the bottom stream from said . stripper ; . . 

h» feeding a portion of said water vapor derived from 
step (e) hereinabove to said stripper; 

i. passing the uncondensed vapor from the evaporator to 
a rectifier and withdrawing concentrated alcohol as the 
overhead from said rectifier and an alcohol- containing 
mixture as the bottom stream from said rectifier:. 

30 

0 • passing said alcohol-contsLining mixture from said 
rectifier to said stripper for admixture with said conden- 
sate from the evaporator; 

k. passing at least a portion of at least. one of said 
water vapor fx im said evaporator and said vapor from said 

35 

still to a compressor to form a compressed vapor, the 
energy supplied to said compressor constituting a primary 
source of energy to said process; and 
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1. v;±*tlidrawiixs said concentra-ted slop from said evap- 
orator. 



2* A process according to claim 1, v/lierein said water 
vapor from said evaporator is passed to said compressor 
5 to form a compressed vapor, vjliictL is tlien passed to said 
beer still and said condensate stripper. 

3- A process according to claim 2, fui? titer comprising 
passing said alcoliol-ricli stream from * said stripper to 
said evaporator for admixture with said vapor from the 
overhead of said still. 

4. A process according to claim 5^ wherein said evap- 
orator comprises a plurality of stages, the concentrated 
slop withdravm from the first stage being passed to sub— ' 
sequent stages for further concentration. 

5* A process according to claim 4, wherein -said evap- 
orator comprises three stages, the water vapor from all 
three stages being compressed in said compressor. 

6. A^jnethod according to claim 5> wherein a portion of 
sa±d compressed vapor is passed to said second stage of 
said evaporator into indirect heat exchange contact with 
said slop and outside steam is -passed to said third stage 
into indirect heat exchange contact with said slop. 

7. a process according to claim 5? fxirther comprising 
passing at least one of said bottom stream from said 
stripper and the condensate from said second stage of 
said evaporator into indirect heat exchange contact with 
said beer upstream of said beer still to preheat said 
beer. 
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8. A system for producing concentrated alcohol and dist- 
illery slop from fermented beer with a reduced amount of 
energy comprising: 
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1 a. a beer still; 

b» means for feeding said beer to said still; 

c. means for feeding a portion of a water vapor witbdravm 

from evaporating means (f) bereinbelow^ to said still; 

e d, means for withdrawing an alcobol-ricb vapor as the 
o 

overhead from said still; 

e. means for withdrav;ing an alcohol-poor distillery slop 
as the bottom stream from said still; 

f • evaporator means for concentrating said slop by evap- 
jQ orating water vapor therefrom; 

g, tneans for passing said slop from said still to said 
evaporator means; 

h* means for passing said vapor from said overhead of 
said still to said evaporator means into indirect heat 
15 exchange contact with said slop to condense a portion of 
said vapor and form a condensate; 

i. condensate stripper means for separating saiid conden- 
sate into an alcohol-rich overhead stream and an alcohol- 
.poor bottom stream; 
20 D • means for passing said condensate from said evaporator 
means to condensate stripper means; 

k. means for feeding a portion of said water vapor with- 
drawn from sad.d evaporator means to said stripper means; 
1, rectifier means for separating uncondensed vapor -from 

25 said evaporator means into a concentrated alcohol . overhead 
stream and an alcohol-containing mixtnre as a bottom 
stream; •-- - 

m. means for parsing the uncondensed vapor from said 
evaporator means to said rectifier means; 

30 !!• means for passing said alcohol- containing mixture from 
said rectifier means to said stripper means for admixture 
with said condensate dfrom said evaporator; 
o. compressor means for forming a compressed vapor; 
p. means for passing at least a portion of at least one 

35 of said water vapor from said evaporator means and said 
vapor from said still to said compressor means; and 
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1 q. means for wi"blidrav;±ng said concenlnca'fced slop from sedLd- 
evaporator means. 

9«. A system according to claim 8, vyherein means (p) com- 
5 prises means jfor passing said v;ater vapor from said evap- 
orator means to said compressor means upstream of said beer 
still. 

10. A system according to claim 9, furtlier comprising means 
for passing said alcoTiol-rich stream from said condensate 
stripper means to said evaporator for admixture v/ith said 
vapor from said oyerliead from said still. 

11. A system according to claim 10, wherein said evaporator 
means comprises a plurality of stages including means for 
passing concentrated slop \'jithdra\m from tile first stage 
to subsequent stages for further concentration. 

12. A system according to claim 11, x^herein said evaporator 
means comprises three stages and includes means for passing 
the water vapor from all three stages to said compressor 
means. 

13. A system according to clsiim 12, further comprising 
means for passing a portion of said compressed vapor to 
said second stage of ssd-d evaporator means into indirect 
heat exhhange contact with said slop and means for passing 
outside steam to said third stage into indirect heat ex- 

QQ change contact with said slop. 

14. A system according to claim 12, further comprising 
heat exchange means for preheating said beer upstream of 
said beer still and means for passing at least one of said 

35 bottom stream from said stripper means sind "the condensate 
from said second stage of said evaporator means into in- 
direct heat exchange contact with said beer. 
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